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摘要 
I 
摘要 
在需要对交流电进行升降压的场合，AC-AC 功率变换器相比传统自耦变压器具有
体积小、重量轻等优点。开关电容功率变换器由于不含磁性元件，能够显著提高变换器
效率、减小体积。本文首先提出了一种桥式模块化双向开关电容 AC-AC 变换器，能实
现变比为 4n 或 1/4n (n=1, 2, 3 …)倍的 AC-AC 变换。阐述了该变换器的拓扑结构、工作
原理及基本性能。设计并研制了一台实验样机，额定功率 600W，电压 220V/55Vrms，开
关频率 100kHz。 
然后，针对传统开关电容变换器输出电压不可调节问题，提出了一种相控谐振型开
关电容AC-AC变换器，由桥式模块化双向开关电容AC-AC变换器和小型谐振电感组成。
由于电感的存在，AC-AC 变换器存在安全换流问题。为此提出了一种安全换流策略，
通过检测输入电压极性控制开关驱动信号，在死区时间内避免电容回路短路引起电流尖
峰，并且为电感提供续流路径。所提出的相控谐振型开关电容 AC-AC 变换器，采用移
相控制的方法，能实现输出电压调节。理论分析了该变换器的谐振电流、传输功率、电
感储能和电压变比。 
进一步研究中，提出了三相桥式模块化双向开关电容 AC-AC 变换器，以适应三相
交流电变换场合。理论分析了变换器的工作原理，并进行了仿真验证。 
最后，通过实验验证了桥式模块化双向开关电容 AC-AC 变换器理论的正确性，以
及性能的优越性。该变换器仅由开关和电容组成，无磁性元件，具有能量转换效率高、
功率因数高、可双向运行、开关管电压应力低等优点。对相控谐振型开关电容 AC-AC
变换器的仿真和实验表明安全换流策略有效可行，采用移相控制法可调节输出电压，在
电压变比为 0.25 附近时效率最高可达 95%，具有能量转换效率高、输出电压可调节、
功率因数高等优点。 
 
关键词: AC-AC 变换器；开关电容；双向；安全换流；电压调节
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ABSTRACT 
With the requirement of step-up/step-down AC voltage from those available on the 
electrical grid, the AC-AC power converters has smaller size and lighter weight than the 
conventional autotransformer. Because of without magnetic devices, switched-capacitor 
power converters can achieve significant size reduction and high efficiency in comparison 
with the converters generally used in conventional switched-mode power supplies. This paper 
proposes a bridge modular bidirectional AC-AC power converter based on the 
switched-capacitor (SC) principle, which can be achieved with a ratio of 4n or 1/4n (n=1, 2, 
3 …) AC voltage conversions. The topology structure, principle of operation, the basic 
performance of the converter, are described in this paper. A prototype of rate power 600W, 
voltage conversion 220/55Vrms and switching frequency of 100kHz was designed and 
fabricated in laboratory.  
In order to regulate the output voltage in switched-capacitor converters, a resonant 
switched-capacitor AC-AC power converter with phase-shift control has been proppsed, 
which consist of bridge modular bidirectional switched-capacitor AC-AC converter and a 
small-rated resonant inductor. Because of the inductor, a safe-commutation strategy has been 
proposed to solve commutation problem in AC-AC converter, which control the drive signals 
of the switches by sensing the input voltage polarity, allows the dead time to avoid current 
spikes of capacitor circuit and at the same time establishes a current freewheel path of the 
inductance to avoid voltage spikes. The proposed resonant switched-capacitor AC-AC power 
converter, using a phase-shift control method, which can regulate the output voltage. 
Theoretical analysis about resonant current, transferred power, inductor energy and voltage 
conversion ratio are described herein.  
Then, three-phase bridge modular bidirectional switched-capacitor AC-AC converter 
were introduced. Working principles are described and verified by the simulation results.  
Finally, experimental results verify the validity of theoretical analysis and the high 
performance of the bridge modular bidirectional switched-capacitor converter, which is 
magnetic-less and composed only of switches and capacitors, which is featured that high 
efficiency, high power factor, bidirectional operability and low switch voltage stress. The 
simulation and experimental results about resonant switched-capacitor AC-AC converter has 
verified the feasibility of the commutation strategy, capability to regulate the output coltage 
with phase-shift control method, and the efficiency can reach 95% when conversion ratio is 
around 0.25, with high conversion efficiency, output voltage regulation and high power factor 
advantages. 
 
KEY WORDS: AC-AC converter, switched-capacitor, bidirectional, safe commutation, 
output voltage regulation.
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